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Abstract
Background and objectives: The genus Nepeta is used in traditional medicine for the antiseptic and
astringent properties in cutaneous eruptions and snake bites. Nepeta racemosa was investigated here
due to the rich source of phytochemical compounds in the Nepeta genus and the lack of any
phytochemical studies. Methods: The aerial parts were extracted successively using n-hexane,
chloroform, and methanol (MeOH) by maceration method, respectively. The MeOH extract was
exposed to C18 Sep-Pak fractionation by a step gradient of MeOH-H2O. Further purification of the
fractions by preparative reversed-phase HPLC yielded three compounds. The chemical ingredients of
essential oil were determined by GC-MS. Free-radical scavenging activity of the extracts, fractions, as
well as their total flavonoid and phenolics contents, were assessed using the DPPH method, AlCl3, and
Folin-Ciocalteu reagents, respectively. Results: Phytochemical study of 20% and 40% solid phase
extraction fractions of MeOH extract yielded one iridoid (8,9-epi-7-deoxy-loganic acid) and two
phenylethanoids (forsythoside B and verbascoside), correspondingly. The 4aα,7α,7aα-nepetalactone
(31.70 %), germacrene D (7.39 %), n-hexadecanoic acid (6.47 %), were the main compounds of
essentials oil. The MeOH extract demonstrated high activity in terms of antioxidant activity, total
phenolics content along with total flavonoids content (0.09 ± 0.01 mg/mL, 1581.80 ± 10.28 mg/100g
and 33.01 ± 0.02 mg/100g) as well as 40% SPE fraction (0.01 ± 0.00 mg/mL, 659.20 ± 40.32
mg/100g and 22.5 ± 0.37 mg/100g), respectively. Conclusion: The presence of phenylethanoid
derivatives as phenolic compounds appears to be an important antioxidant compound in Nepeta
racemosa.
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Introduction
The genus Nepeta (Lamiaceae) contains 280
species distributed in Asia, Africa, and Europe.
However, it is most abundant in the
Mediterranean region [1]. Nepeta is called “Punesa” in Iran and noticeably, there are around 67
species present in Iran [2]. Some of these species
are used in folk medicine for anti-septic and
astringent properties in cutaneous eruptions;
*

orally, they are used as diuretic, anti-pyretic, antiasthmatic,
anti-spasmodic,
diaphoretic,
antitussive, sedative, and stomachic properties.
Nepeta racemosa, N. bulgaricum, N. cataria
(catmint or catnip), and N. cataria var. citriodora
(lemon catnip) are common and famous species
of the Nepeta genus [3,4]. The plants of Labiatae
family are main sources of secondary metabolites
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including nepetalactones, phenols, iridoids,
diterpenes and triterpenes. These aromatic plants
are economically important and include most of
the essential oil (mainly monoterpenoids) that
occurs in the genera of Labiatae family.
Moreover, several compounds from the Nepeta
species have shown to have potent bioactivity [4].
Biological and pharmacological activities are
typically credited to the occurrence of
nepetalactone as a volatile compound, mainly
found in Nepeta oils. Nepeta species in terms of
essential oil compositions can be separated into
two groups nepetalactone-containing and
nepetalactone-less species [5]. Nepetalactone is
an iridoid and is found in various isomeric forms
in nature. The main compounds isolated from
different species of Nepeta growing in Turkey
were nepetalactone, caryophyllene oxide, and
1,8-cineole/linalool [6]. The chemotaxonomic
and ethnopharmacological prominence of the
genus Nepeta motivated us to carry out
phytochemical studies as well as investigating in
vitro anti-plasmodial activity, and antioxidant
capacity of the aerial parts of N. racemosa.

Materials and Methods
Ethical considerations
This study was approved by Ethics Committee of
Tabriz University of Medical sciences
(IR.TBZMED.REC.1394.807).
Chemicals
All materials used were of analytical grade.
Methanol, n-hexane, acetone, ethyl acetate,
chloroform,
DMSO,
DMSO-d6,
D2O,
hydrochloric acid (HCl), sodium hydroxide
(NaOH), and sodium acetate were attained from
(Merck, Germany). Gallic acid, rutin, hematin,
anhydrous sodium carbonate (Na2CO3), 1,1Diphenyl-2-picrylhydrazyl (DPPH), aluminum
trichloride, oleic acid, sodium nitrite, and FolinCiocalteu reagent were obtained from SigmaAldrich, Germany.
Plant material
Nepeta racemosa wascollected from Marand in
Eastern Azerbaijan province during May 2016.
The identification of the plants was approved by
Dr. Fatemeh Ebrahimi, a botanist of the Faculty
of Pharmacy, Tabriz University of Medical
Science. A voucher specimen of the plant
(TBZFPH 2639) was kept at the Herbarium of
2

Tabriz University of Medical Science.
Extraction
The ground and dried aerial parts of N. racemosa
(100 g) were extracted by maceration
successively, with n-hexane, chloroform, and
MeOH (1.2 L each). All the extracts were
concentrated via a rotary evaporator at a
maximum temperature of 40 ºC. Four g of the
dried MeOH extract was fractionated by solidphase-extraction (SPE) on Sep-Pak (C18, 10 g,
35 cc cartridge) via a step gradient of MeOHwater mixture (10:90, 20:80, 40:60, 60:40, 80:20
and 100:0), 200 mL of each. All SPE fractions
were dried by a rotary evaporator at a
temperature of 40 ºC. The preparative HPLC (Dr.
Mainsch GmbH ODS column 20 μm, 250 mm ×
20 mm; mobile phase: 0-50 min, MeOH from 15%
to 75% in water; 50-62.5 min, 75% MeOH in
water, 62.5-67.5 min MeOH from 75% to 15% in
water, 67.5-75 min 15% MeOH, flow rate = 8
mL/min) purification of the 20% MeOH SPE
fraction yielded one iridoid glycosides: 1 (tR =
33.31 min). Subsequently, the preparative HPLC
(mobile phase: 0-50 min, MeOH from 35% to 60%
in water; 50-62.5 min, 60% MeOH in water,
62.5-67.5 min MeOH from 60% to 35% in water,
67.5-75 min 35% MeOH, flow rate = 8 mL/min)
for purification of the 40% MeOH SPE fraction
yielded the two phenylethanoid glycosides: 2 (tR
= 14.45 min) and 3 (tR = 18.49 min). Structures
of 1–3 were determined conclusively by 1D (1H
and 13C NMR).
Determination of total flavonoids content
The content of flavonoids was determined based
on the aluminum chloride colorimetric method
[7]. Briefly, 0.5 mL of each plant extracts (1
mg/mL) in methanol was separately mixed with
0.1 mL of 1 M potassium acetate, 0.1 mL of 10%
aluminum chloride, 1.5 mL of methanol, and 2.8
mL of distilled water. It stayed at room
temperature for 30 min, and the absorbance of the
reaction
blend
was
quantified
spectrophotometrically at 510 nm. The yellow
color indicated the existence of flavonoids. Total
flavonoids contents were calculated as rutin
equivalents (mg/g extract) (with different
concentrations (0.0039, 0.0078, 0.0156, 0.0312,
0.0625, 0.125) from a calibration curve.
Determination of total phenolics content
The total content of phenolic compounds was
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determined with the Folin-Ciocalteu reagent [8].
The 1 mL of extract samples (1 mg/mL) were
mixed with Folin-Ciocalteu reagent (200 µL) for
5 min and 1 mL aqueous sodium carbonate 2 %
(w/v) was added. The mixture was permitted to
stay for 30 min and the total phenolics were
determined by calorimetry at 750 nm. The
standard curve was prepared using 5, 10, 15, 25,
50, 75, and 100 mg/L solutions of gallic acid in
acetone: water mixture (60:50, v/v). Total phenol
values were declared in terms of gallic acid
equivalent (mg/g of dry mass) as the reference
compound.
Isolation of the essential oil
The aerial parts of the air-dried N. racemosa (60
g) were submitted to hydro-distillation in a
Clevenger type apparatus for 3 h for isolation of
essential oil. The oil was dehydrated over
anhydrous sodium sulfate and kept at 4 °C for
further analysis [9]. The volume (ml) of essential
oil per 100 g of plant material was recorded.
Gas chromatography mass spectrometry (GCMS) analysis
The analysis of the essential oil was undertaken
via a Shimadzu GC-MS-QP5050A, equipped
with flame ionization detector (FID), and DB-1
capillary column (60 m × 0.25 mm id, 0.25 μm film
thickness). Operating conditions were as follows:
carrier gas, helium with a flow rate of 1.3
mL/min; column temperature, 2 min in 50 °C,
then, the temperature was increased from 50 to
275 °C at 3.0 °C/min rate and finally it remained
3 min in 275 °C. The temperature of the injector
and detector were 250 and 280 °C, respectively;
the volume injected, and split ratio were adjusted
to 1 µL and 1:20, respectively. Mass spectra were
taken at 70 eV over the mass range 30-600 amu,
ion source temperature at 260 °C, and solvent
delay 2.0 min. The constituents of the essential
oil were assessed by the comparison of their mass
spectra and Kovats indices with those of the
spectrophotometer database using the Wiley and
NIST mass spectral databases or with authentic
compounds.
Antioxidant assay
The ability for inhibiting the free radicals of the
extracts and fractions were measured using 2,2diphenyl-1-picrylhydrazyl
(DPPH)
radical
quenching [10]. The extracts/fractions were
dissolved in MeOH/chloroform to obtain the
stock concentration of 10 mg/mL. Serial dilutions

were obtained from the stock solutions of the
plant extracts and fractions. A volume of 2.5 mL
of DPPH solution (0.08 mg/mL in MeOH) was
mixed with diluted solutions (2,5 mL each) and
remained at room temperature in the dark for 30
min for any reaction to happen. The UV
absorbance was recorded at 517 nm which
corresponds to the maximum absorption of
DPPH. The tests were repeated in triplicate and
the average absorption was noted for each
concentration. The inhibitory capacity IC50 values
that presents scavenging 50% of DPPH free
radicals was computed from the graph plotting
inhibition percentage against test sample
concentrations [11,12]. Inhibitory capacity (IC%)
was calculated according to the following
formula where AB is the absorbance of the blank
and AA is the absorbance of test samples.
IC% = [(AB–AA)/AB] × 100

Anti-plasmodial activity
The potential anti-malarial activity of samples
was evaluated using a modified assay by Tripathi
et al. [13] with some alterations [14]. The results
were reported as % inhibition (I%) of hem
polymerization/crystallization compared to the
positive control (chloroquine diphosphate) by the
following formula:
I% = ((AB - AA)/AB) ×100

AB is absorbance of the blank, and AA is the
absorbance test samples.

Results and Discussion
A blend of solid-phase extraction and reversedphase preparative HPLC analysis of the 20% and
40% fractions of N. racemosa MeOH extract
guided to the identification of one iridoid (A) and
two phenylethanoids (B, C) structures (Figure1).
The chemical structures of the constituents have
been recognized through nuclear magnetic
resonance spectroscopy. Three compounds were
known by comparison of their chemical analysis
with those reported in the literature. The
chemical structures of the isolated constituents
were elucidated unequivocally via 13CNMR and
1
HNMR.
Compound A: molecular formula: C15H22O9,1H
NMR (DMSOd6) δ: 1.01 (3H, d, J= 6.0 Hz, H10), 1.20 (1H, m, H-7a), 1.52 (1H, m, H-6a), 1.68
(1H, m, H-b7b), 1.90 (1H, m, H-6b), 2.17 (1H, m,
H-8), 2.21 (1H, m, H-9), 2.74 (1H, m, H-5), 3.00
3
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(1H, m, H-2'), 3.00-3.50 (1H, m, H-3', H-5'),
3.05 (1H, m, H-4'), 3.46 (1H, dd, H-6'a), 3.65
(1H, d, H-6'b), 4.47 (1H, d, J= 8.0 Hz, H-1'), 5.22
(1H, s, H-1), 7.24 (1H, s, H-3).
From the comparison of these data with those
reported in the literature [15,16], the compound
was identified as 8,9-epi-7-deoxy-loganic acid
(Figure 1A).
Compound B: molecular formula: C34H44O19,1H
NMR (D2O) δ: δ: 0.88 (3H, d, J = 7.2 Hz, H-6''),
3.20 (1H, m, H-4''), 3.39 (1H, m, H-2'), 3.49 (1H,
m, H-6'a), 3-4 (1H, m, H-2''), 3.55 (1H, m, H-3''),
3.58 (2H. s, H-5'''), 3.58 (1H, m, H-6'b), 3.59 (1H,
m, H-5''), 3.70-3.74 (1H, H-4'''a), 3.75 (1H, m, H5'), 3.78 (1H, m, H-3'), 3.80 (1H, d, H-2'''), 4.60
(1H, dd, H-1'), 4.89 (1H, s, H- 1'''), 4.91 (1H, t,
H-4'), 5.19 (1H, dd, H-1''), 6.22 (1H, d, H-α'),
6.66 (1H, dd, J = 8.4, H-6), 6.72 (1H, d, J = 8.0,
H-5), 6.76 (1H, s, H-2), 6.79 (1H, d, H-5''''), 6.95
(1H, s, H- 2''''), 6.97 (1H, dd, H-6''''), 7.43 (1H, d,
H-β'). 13C NMR(D2O) δ: 18.5 (C-6''), 36.6 (C-α),
70.4 (C-5''), 70.9 (C-4'), 71.9 (C-3''), 72.3 (C-2''),
72.4 (C-β), 73.7 (C-4''), 74.5 (C-5'), 75.2 (C4''',5'''), 78.4 (C-2'''), 81.7 (C-3'), 80.7 (C-3'''),
103.0 (C-1''), 104.2 (C-1'), 111.0 (C-1'''), 114.8
(α'), 115.4 (C-2''''), 116.5 (C-5), 116.7(C-5''''),
117.3 (C-2), 121.4 (C-6), 123.4 (C-6''''), 127.6
(C-1''''), 131.6 (C-1), 144.6 (C-4), 146.0 (C-3),
146.8 (C-3''''), 148.2 (β'), 149.8 (C-4''''), 168.4
(C=O).

From the comparison of these data with those
reported in the literature [17,18], the compound
was identified as forsythoside B (Figure 1B).
Compound C: molecular formula: C27H36O15,1H
NMR (D2O) δ:0.88 (3H, d, H-6''), 2.76 (2H, m,
H-β), 3-4 (1H, m, H-2', 3', 5', 6'a, 6'b, 2'', 3'', 4'',
5'',), 3.61(1H, dd, H-αa), 3.79 (1H,dd, H-αb), 4-5
(1H, d, H-1'), 4-5 (1H, t, H-4'), 5.21 (1H, s, H-1''),
6.17 (1H, d, J = 16 Hz, H-α'), 6.65 (1H, d, H-6),
6.75 (1H, d, H-5), 6.76 (1H, s, H-2), 6.76 (1H,d,
H-5'''), 6.89 (1H, d, J = 8 Hz, H-6''') 6.98 (1H, s,
H-2'''), 7.37 (1H,d, J = 16 Hz, H-β'). 13C
NMR(D2O) δ: 15.68 (C-6''), 36.72 (C-β), 60.54
(C-6'), 69.30 (C-4'), 73.05 (C-α), 76.24 (C-5'),
76.37 (C-2'), 102.09 (C-1''), 104.47 (C-1'),
114.45 (C-α'), 115.02 (C-2'''), 116.07 (C-5'''),
116.14 (C-5), 117.11 (C-2), 121.7 (C-6), 122.63
(C-6'''), 126.95 (C-1'''),130.15 (C-1), 144.17 (C3), 146.98 (C-4'''),146.98 (C-4), 147.01 (C-3'''),
147.01 (C-β'), 162 (CO),168 (CO). From the
comparison of these data with those reported in
the literature [19-21], the compound was
identified as verbascoside (Figure 1C).
Based on their chemical structures, the three
compounds isolated from N. racemosa can be
classified into two phytochemical subclasses
including one iridoid and two phenylethanoids.
Total polyphenols and flavonoids in the
methanolic extract and methanolic fractions of
the aerial parts of N. racemosa extracts are
presented in Table 1

Figure 1. Structures of compounds isolated from Nepeta racemose
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Table 1. Total flavonoids content, total phenolic content, and antioxidant activity of the chloroform, n-hexane, and MeOH
extract and respective fractions of Nepeta racemosa
Extracts/fractions
Chloroform extract
Methanol extract
n-Hexane extract
SPE fraction 10% MeOH-water
SPE fraction 20% MeOH-water
SPE fraction 40% MeOH-water
SPE fraction 60% MeOH-water
SPE fraction 80% MeOH-water
SPE fraction 100% MeOH
Quercetin (positive control)

Total flavonoids content as
rutin (mg/100g)
33.01 ± 0.02
1.30 ± 0.12
1.20 ± 0.08
22.50 ± 0.37
12.70 ± 0.42
0.80 ± 0.04
1.10 ± 0.10
-

Total phenolics content as
galic acid (mg/100g)
1518.80 ± 10.28
20.60 ± 0.73
58.10 ± 1.16
659.20 ± 40.32
197.70 ± 3.81
37.40 ± 0.75
117.60 ± 5.18
-

Antioxidant activity (RC50)
(mg/mL)
0.16 ± 0.05
0.09 ± 0.04
0.41 ± 0.01
0.32 ± 0.13
0.19 ± 0.02
0.01 ± 0.00
0.09 ± 0.04
0.42 ± 0.02
0.34 ± 0.04
2.78×10-5

Values represent the mean ± SD, n=3

. The order of phenolics content in the extracts
was methanol extract > Fr 40 > Fr 60 > Fr 100 >
Fr 20 > Fr 80 > Fr 10 and the order of flavonoids
was methanol extract > Fr 40 > Fr 60 > Fr 10 >
Fr 20 > Fr 100 > Fr 80. The Fr 40 % represented
significantly higher phenolic contents (659.20 ±
40.32 g/mg) and flavonoids content (22.50 ± 0.37
g/mg).
Determination of the contents of flavonoids and
phenolic compounds is important because the
free radicals scavenging activity of numerous
plant extracts is ascribed to the incidence of these
constituents which have biological activities,
chiefly the flavonoids [22].
According to literature, total phenolics content
and free radical scavenging activity of the plant
material are in line with one another [23,24].
Phenolic components are responsible for the
decreasing amount of free radicals and chelating
characteristics [25,26]. Based on our current
outcomes in the present manuscript, total
flavonoids and total phenolics of 40%, 20%, and
60% MeOH-water fractions were higher than the
other fractions in corresponding to the free
radical scavenging activity of these fractions.
Thus, the antioxidant potential of N. racemosa
extracts may be attributed to the flavonoid
compounds. The components of the essential oils,
their retention indices (RI), and percentage
compositions are presented in Table 2. All
compounds are listed in turn of their retention
time on the column. Fifty-three constituents were
identified by GC-MS, which accounted for 77.1%
of the total oil of the plant material. Among these
compounds 4aα,7α,7aα-nepetalactone (31.70 %),
germacrene D (7.39 %), and n-hexadecanoic acid
(6.47 %), were the most dominant ingredients of
the essential oil. Oxygenated monoterpene,
monoterpene
hydrocarbons,
sesquiterpene

hydrocarbons, oxygenated sesquiterpenes, and
fatty acid derivatives presented 33.53 %, 0.18 %,
12.64 %, 9.41 %, and 12.89 % of the essential oil
respectively. Other common ingredients (8.47%)
were non-terpenoid derivatives such as ketones
and aldehydes. According to the nepetalactonecontent, N. racemosa could be categorized in the
group in which nepetalactones are the major
component. 1,8-cineole and caryophyllene oxide
are the most component of the volatile oils of
nepetalactone-free Nepeta species [27] and in this
study, they were in low amounts (0.33 %) and
(3.98),
respectively.
The
4aα,7α,7aαnepetalactone,
4aβ,7α,7aβ-nepetalactone,
4aα,7α,7aβ-nepetalactone, 4aβ,7α,7aαnepetalactone
are the four main nepetalactone compound which
present in greater amount than other isomers like
4α
dihydro
nepetalactone,
4aα,7β,7aαnepetalactone, and 4aα,7β,7aβ nepetalactone [28].
The 4aα,7α,7aα-nepetalactone was the only
nepetalactone obtained in this paper. It is also
found as a major compound of essential oil of
many Nepeta species such as N. racemosa [1, 2,
29], N. cadmea [30], N. cephalotes [31], N.
govaniana [32], and N. teydea [33].
The free-radical-scavenging activity of the SPE
fractions and the extracts were examined via the
2,2-diphenyl-1-picryl-hydrazyl (DPPH) freeradical scavenging assay (Table 2) [10]. The 40%
MeOH-water SPE fraction exhibited the highest
level of free-radical scavenging activity with an
RC50 value of (0.01 ± 0.00 mg/mL) amongst all
extracts. The MeOH extract and The SPE
fraction 60% MeOH-water showed similar
activity (0.09 ± 0.04 mg/mL). The lowest activity
was obtained for the n-hexane extract (0.41 ±
0.01mg/mL) and SPE fraction 80% MeOH-water
(0.42 ± 0.02 mg/mL).
5
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Table 2. The essential oil composition of the aerial parts of Nepeta racemosa
Compound
2-Hexenal, (E)1 Octen 3 ol
β-Pinene
Trans, Trans-2,4-Heptadienal
1,8-Cineole
Nonanal
Linalool
Trans-Pinocarveol
Pinocarvone
4-Terpineol
Myrtenal
α-Terpineol
Myrtenol
4aα,7α,7aα-Nepetalactone
α-Copaene
β-Bourbonene
β-Elemene
β-Caryophyllene
β-Cubebene
α-Humulene
α-Amorphene
Germacrene D
α-Farnesene
γ-Cadinene
δ-Cadinene
Dodecanoic acid
1,5-Epoxysalvial-4(14)-ene
(-)-Spathulenol
Caryophyllene oxide
Salvial-4(14)-en-1-one
1-Tetradecanol
Widdrol
Cycloisolongifolene, 8-hydroxy-, endoβ-Copaen-4 α-ol
6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8aoctahydronaphthalene-2-ol
Octadecanal
Tetradecanoic acid
Hexahydrofarnesyl acetone
n-Pentadecanoic acid
1-Hexadecanol
7,9-di-tert-butyl-1-oxaspiro [4.5] deca-6,9-diene-2,8-dione
Pentadecanoic acid, 14-methyl-, methyl ester
n-Hexadecanoic acid
1-Octadecanol
Methyl linolenate
Phytol
Methyl-11,14,17-eicosatrienoate
Hexadecanal diallyl acetal
Hexadecanoic acid, butyl ester
Nonadecanoic acid
Hexadecanamide
Hexanedioic acid, bis(2-ethylhexyl) ester
Heneicosane
Total identified
Terpene
Non-terpene
a

Oil composition (%)
0.23
0.07
0.19
0.10
0.33
0.18
0.39
0.33
0.10
0.14
0.16
0.24
0.14
31.70
0.24
0.67
0.79
2.09
0.23
0.13
0.27
7.39
0.23
0.21
0.39
0.21
0.39
0.61
3.98
0.93
0.51
0.33
1.13
0.50

Reported KI a
825
964
971
981
1021
1083
1086
1125
1140
1164
1171
1175
1181
1367
1380
1388
1391
1423
1431
1455
1475
1482
1497
1510
1518
1549
1562
1571
1577
1585
1628
1635
1644
1669

Calculated KI
831
967
972
984
1028
1080
1088
1129
1146
1169
1172
1177
1189
1370
1381
1389
1395
1427
1439
1456
1477
1485
1496
1513
1526
1550
1567
1573
1579
1592
1630
1636
1648
1670

1.82

1675

1673

0.08
0.33
1.12
0.14
0.14
0.16
0.20
6.47
0.34
0.27
3.96
1.46
0.12
0.18
2.82
1.18
0.53
0.27
77.12
55.76
21.36

1697
1746
1833
1844
1861
1874
1911
1951
2066
2081
2105
2290
2295
2174
2236
2350
2361
-

1697
1750
1836
1846
1862
1875
1912
1950
2064
2079
2098
2285
2293
2169
2228
2348
2360
2378

Compounds listed in order of elution from a DB-1 column.

The in vitro β-hematin formation assay was
applied for testing the anti-malarial activity of
total extracts of N. racemosa aerial parts. The
6

extracts exhibited no inhibitory results on heme
biocrystallization properties.
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Conclusion
In this study, 40% SPE fraction of MeOH extract
from the aerial part of N. racemosa could be a
valuable source for future studies due to strong
free-radical-scavenging activity as well as high
amounts of total phenolic and flavonoid content
and the main components such as forsythoside B,
and verbascoside.

Acknowledgments
The present research was financially supported
by Vice chancellor for Research, Tabriz
University
of
Medical
sciences
(IR.TBZMED.REC.1394.807).

Author contributions
Fariba Heshmati Afshar and Abbas Delazar
designed and supervised the study; Yahya
Rahimpour prepared the manuscript the article;
Niloufar Moharrer Navaei performed the
experiments; Solmaz Asnaashari and Parina
Asgharian analyzed the data.

Declaration of interest
The authors declare that there is no conflict of
interest. The authors alone are responsible for the
accuracy and integrity of the paper content.

References
[1] İşcan G, Köse YB, Demirci B, Can Başer KH.
Anticandidal activity of the essential oil of
Nepeta transcaucasica Grossh. Chem
Biodivers. 2011; 8(11): 2144–2148.
[2] Dabiri M, Seﬁdkon F. Chemical composition
of the essential oil of Nepeta racemosa Lam.
from Iran. Flav Fragr J. 2003; 18(2): 157–
158.
[3] Kraujalis P, Venskutonis PR, Ragazinskiene
O. FOODBALT. Proceedings of the 6th
Baltic Conference on Food Science and
Technology. 2011 May 5-6; Jegava, Latvia.
[4] Formisano C, Rigano D, Senatore F.
Chemical constituents and biological
activities of Nepeta species. Chem Biodivers.
2011; 8(10): 1783–1818.
[5] Javidnia K, Mehdipour A, Hemmateenejad B,
Rezazadeh S, Soltani M, Khosravi A, Miri R.
Nepetalactones as chemotaxonomic markers
in the essential oils of Nepeta species. Chem
Nat Compd. 2011; 47(5): 843–847.
[6] Baser K, Kirimer N, Kurkcuoglu M, Demirci
B. Essential oils of Nepeta species growing

in Turkey. Chem Nat Compd. 2000; 36(4):
356–359.
[7] Chang CC, Yang MH, Wen HM, Chern JC.
Estimation of total flavonoid content in
propolis by two complementary colorimetric
methods. J Food Drug Anal. 2002; 10(3):
178–182.
[8] Chlopicka J, Pasko P, Gorinstein S, Jedryas A,
Zagrodzki P. Total phenolic and total
flavonoid content, antioxidant activity and
sensory evaluation of pseudocereal breads.
LWT-Food Sci Technol. 2012; 46(2): 548–
555.
[9] Abd El-Gaber AS, El Gendy ANG, Elkhateeb
A, Saleh IA, El-Seedi HR. Microwave
extraction of essential oil from Anastatica
hierochuntica
(L):
comparison
with
conventional hydro-distillation and steam
distillation. J Essent Oil Bear Plants. 2018;
21(4): 1003–1010.
[10] Ghosh T, Zarif Morshed M, Islam N, Al
Masud KN, Akter M, Islam R. In-vitro
investigation of antioxidant activity of Cissus
adnata in different fractions. J Pharmacogn
Phytochem. 2018; 7(2): 2625–2628.
[11] Otang WM, Grierson DS, Ndip RN.
Phytochemical studies and antioxidant
activity of two South African medicinal
plants traditionally used for the management
of opportunistic fungal infections in
HIV/AIDS patients. BMC Complement
Altern Med. 2012; 12(1): 1–7.
[12] Ammor K, Bousta D, Jennan S, Bennani B,
Chaqroune A, Mahjoubi F. Phytochemical
screening, polyphenols content, antioxidant
power, and antibacterial activity of Herniaria
hirsuta from Morocco. Sci World J. 2018;
Article ID 7470384.
[13] Tripathi AK, Gupta A, Garg SK, Tekwani
BL. In vitro β-hematin formation assays with
plasma of mice infected with Plasmodium
yoelii and other parasite preparations:
comparative inhibition with quinoline and
endoperoxide antimalarials. Life Sci. 2001;
69(23): 2725–2733.
[14] Afshar FH, Delazar A, Janneh O,
Nazemiyeh H, Pasdaran A, Nahar L, Sarker
SD. Evaluation of antimalarial, free-radicalscavenging and insecticidal activities of
Artemisia scoparia and A. spicigera,
Asteraceae. Rev Bras Farmacogn. 2011;
21(6): 986–990.
[15] Dinda B, Debnath S, Banik R. Naturally
7

Heshmati Afshar F. et al.

occurring iridoids and secoiridoids. An
updated review, part 4. Chem Pharm Bull.
2011; 59(7): 803–833.
[16] Dinda B, Debnath S, Harigaya Y. Naturally
occurring secoiridoids and bioactivity of
naturally occurring iridoids and secoiridoids.
a review, part 2. Chem Pharm Bull. 2007;
55(5): 689–728.
[17] Toth E, Toth G, Mathe I, Blunden G.
Martynoside, forsythoside B, ladanein and
7a-acetoxyroyleanone from Ballota nigra L.
Biochem Syst Ecol. 2007; 35(12): 894–897.
[18] Sahpaz S, Garbacki N, Tits M, Bailleul F.
Isolation and pharmacological activity of
phenylpropanoid esters from Marrubium
vulgare. J Ethnopharmacol. 2002; 79(3):
389–392.
[19] Noiarsa P, Ruchirawat S, Kanchanapoom T.
Acanmontanoside, a new phenylethanoid
diglycoside from Acanthus montanus.
Molecules. 2010; 15(12): 8967–8972.
[20] Kim SR, Kim YC. Neuroprotective
phenylpropanoid esters of rhamnose isolated
from roots of Scrophularia buergeriana.
Phytochemistry. 2000; 54(5): 503–509.
[21] Santos JD, Lanza AMD, Fernández L,
Rumbero
A.
Isoangoroside
C,
a
phenylpropanoid
glycoside
from
Scrophularia
scorodonia
roots.
Z
Naturforsch C. 2000; 55(5-6): 333–336.
[22] Sousa EO, Miranda CM, Nobre CB, Boligon
AA, Athayde ML, Costa JG. Phytochemical
analysis and antioxidant activities of Lantana
camara and Lantana montevidensis extracts.
Ind Crops Prod. 2015; 70: 7–15.
[23] Abdille MH, Singh R, Jayaprakasha G, Jena
B. Antioxidant activity of the extracts from
Dillenia indica fruits. Food Chem. 2005;
90(4): 891–896.
[24] Asgharian P, Delazar A, Lotfipour F,
Asnaashari S. Bioactive properties of
Eremostachys macrophylla Montbr. & Auch.
rhizomes growing in Iran. Pharm Sci. 2017;
23(3): 238–243.
[25] Juan MY, Chou CC. Enhancement of
antioxidant activity, total phenolic and

8

flavonoid content of black soybeans by solid
state fermentation with Bacillus subtilis
BCRC 14715. Food Microbiol. 2010; 27(5):
586–591.
[26] Sharififar F, Dehghn-Nudeh G, Mirtajaldini
M. Major flavonoids with antioxidant activity
from Teucrium polium L. Food Chem. 2009;
112(4): 885–888.
[27] Sajjadi SE. Analysis of the essential oil of
Nepeta sintenisii Bornm. from Iran. Daru J
Pharm Sci. 2005; 13(2): 61–64.
[28] Sharma A, Cannoo DS. Phytochemical
composition of essential oils isolated from
different species of genus Nepeta of Labiatae
family: a review. Pharmacophore. 2013; 4(6):
181–211.
[29] Rustaiyan A, Khosravi M, Larijany K,
Masoudi S. Compostion of the essential oil
of Nepeta racemosa Lam. from Iran. J Essen
Oil Res. 2000; 12(2): 151–152.
[30] Baser K, Demircakmak B, Altintas A,
Duman H. Composition of the essential oils
of Nepeta cadmea Boiss. J Essent Oil Res.
1998; 10(3): 327–328.
[31] Rustaiyan A, Komeilizadeh H, Monfared A,
Nadji K, Masoudi S, Yari M. Volatile
constituents of Nepeta denudata Benth. and
N. cephalotes Boiss. from Iran. J Essent Oil
Res. 2000; 12(4): 459–461.
[32] Thappa R, Agarwal S, Srivastava T, Kapahi
B. Essential oils of four Himalayan Nepeta
species. J Essent Oil Res. 2001; 13(3): 189–
191.
[33] Velasco‐Negueruela A, Perez‐Alonso MJ,
Rodriquez AB. Essential oil analysis of
Nepeta teydea Webb. & Berth. Flav Fragr J.
1989; 4(4): 197–199.

Abbreviations
HPLC: high performance liquid chromatography;
GC-MS: gas chromatography mass spectrometry;
DPPH: 2,2-diphenyl-1-picryl-hydrazyl; MeOH:
methanol; UV: ultraviolet; RI: retention indices;
SPE; solid-phase extraction; TPC: total phenolics
content; TFC: total flavonoids content

Res J Pharmacogn 8(4): 1–8

